Abstract Bupleuri Radix has been widely used in traditional Chinese medicine. In the current herbal market, the species Bupleurum marginatum Wall. ex DC. is the main source of Bupleuri Radix. Although Bupleuri Radix from the roots of B. marginatum grown wild in the North West of Hubei province has higher quality compared with those from other regions according to the previous investigations, the exhaustive exploitation driven by increasing demand has drastically reduced the wild resource. As a result, germplasm evaluation and quality resource exploration are important for the sustainable utilization and cultivation of B. marginatum. A preliminary study indicated differences in the tissue structure of B. marginatum grown in different areas of North Western Hubei province. In the current study, various tissues of the roots of B. marginatum grown in different areas of North Western Hubei were subjected to laser microdissection and analyzed by microscopy and ultra-high performance liquid chromatography quadrupole time-of-flight mass spectrometry (UHPLC-Q-TOF-MS). The results show that wild plants Acta Pharmaceutica Sinica B 2013;3(3):193-204 from Maqiao Town, Baokang County contain the most saikosaponins distributed mainly in cork, cortex and phloem. This study provides key chemical information for evaluating the quality of B. marginatum roots.
Introduction
Bupleuri Radix (Chinese thorowax root, known as 'Chaihu' in Chinese) is commonly used in traditional Chinese medicine (TCM) for the treatment of fevers and colds, malaria, cholecystitis, hepatitis, pancreatitis and menstrual disorders. It is often found in clinical prescriptions and patent medicines including Xiao-Chaihu-Tang, Xiao-Yao-Wan, Jia-Wei-Xiao-Yao-Wan and Chai-Ling-Tang. Modern studies have indicated that the roots of Bupleurum marginatum contain large amounts of saikosaponins a, c and d 1 of which a and d are the main active components to which the clinical efficacy of Bupleuri Radix is attributed 2 .
In the herbal market, the species Bupleurum chinense DC., Bupleurum scorzonerifolium Willd. and B. marginatum Wall. ex DC. are the main sources of commercial Bupleuri Radix 3 . Although the former two are recorded as sources of Bupleuri Radix in Chinese Pharmacopoeia and are widely cultivated, the widespread demand for the herb has tended to far outstrip the supply 4 . This is particularly the case for B. marginatum which usually grows wild on hillside meadows in Hubei, Yunnan, Sichuan, Guizhou and Guangxi provinces. As with other important medicinal herbs, the conservation, germplasm evaluation, quality resource exploration and large-scale cultivation of wild resources have become critical for their sustainable utilization.
It is well known that the Bupleuri Radix produced in the North West of Hubei province is of higher quality than products from other regions 5, 6 . It is assumed that this is due to favorable features of the geography and climate of the area. To investigate the distribution and usage of Bupleurum species in North Western Hubei, a systematic field survey was carried out 5 . The results indicate that B. marginatum is the main species of Bupleurum in the region and that its roots are the actual commodity sold and used as Bupleuri Radix in the region. In a preliminary study, we found that the microscopic features of transverse sections of B. marginatum from different growing areas were different, a fact that could be important in selecting sources for cultivation of this important medicinal plant.
A medicinal plant usually contains a complex mixture of chemical components, the production and distribution of which is directly related to the species and the environmental conditions under which it is grown. In recent years, the technique of liquid chromatography-mass spectrometry (LC-MS) has been widely applied to profile the chemical composition of herbal medicines 7, 8 . Additionally, laser microdissection (LMD) has been used to facilitate tissue-and cell-specific metabolite profiling of plants 9, 10 . Recently, we applied this combination of techniques to analyze tissue-specific metabolites in the stems of Sinomenium acutum (Thunb.) Rehd. et Wils. 11 . The objective of the present study was to analyze and compare the chemical profiles of roots of B. marginatum from North Western Hubei in order to enhance the quality evaluation of B. marginatum.
Materials and methods

Materials
Four batches of dried roots (Samples 1-4) and one batch of fresh roots (Sample 5) of B. marginatum grown in North Western Hubei province (Table 1) were collected. Samples 1, 2, 3 and 5 were grown in different areas but samples 3 and 4 were cultivated and wild plants respectively from the same area. The diameter of dried roots selected for study was about 0.7 cm and the batch of fresh roots was separated into roots of three approximate sizes viz 0.3, 0.6 and 1.0 cm. All samples were authenticated by Dr. Guangyi Yang and deposited in the Bank of China (Hong Kong) Chinese Medicines Centre of Hong Kong Baptist University.
Chemicals and reagents
Pure samples (498% by HPLC) of saikosaponins a, c and d were isolated in our laboratory 1 . HPLC grade acetonitrile and methanol were from E. Merck (Darmstadt, Germany). HPLC grade formic acid (purity 96%) was purchased from Tedia (USA). Water was obtained from a Milli-Q water purification system (Millipore, Bedford, MA, USA). 
Sample preparation for microscopy
Tissue was taken from dried herbal samples as described by Ng et al.
12
. Fresh herbal samples were directly sectioned with a cryostat (Thermo Shandon As620 Cryotome, UK) and tissue slices (thickness approximately 40 μm) were placed on non-fluorescent PET microscope steel frame slides (76 mm Â 26 mm, 1.4 μm thick, Leica Microsystems, Germany). Slides were then mounted on a Leica LMD 7000 system (Leica, Benshein, Germany) and investigated in fluorescence mode with a dichromatic mirror. Microdissection was conducted using a DPSS 349 nm laser beam with aperture 6, speed 5 and power 50-60 under a Leica LMD-BGR fluorescence filter system at 10 Â magnification. Tissue parts with area around 4 Â 10 6 μm 2 were dissected separately under the fluorescence inspection mode. Microdissected tissues were allowed to fall into the caps of 500 μL microcentrifuge tubes (Leica, Germany) by gravity after which they were transferred to the bottom of the tubes by centrifugation (Centrifuge 5415R, Eppendorf, Hamburg, Germany) at 10,000 rpm for 5 min. Aliquots (100 μL) of methanol were added to each microcentrifuge tube and sonicated for 30 min (CREST 1875HTAG ultrasonic processor, USA). Tubes were centrifuged again for 10 min at 10,000 rpm and 4 1C after which 90 μL aliquots of supernatant were transferred to the glass inserts of 1.5 mL brown HPLC vials (Grace, HK) with plastic bottom springs (400 μL, Grace, HK) and stored at 4 1C pending analysis. A blank was prepared by adding 100 μL methanol to a microcentrifuge tube containing a blank 4 Â 10 6 μm 2 PET membrane. Sectioned tissue slices of each sample were scraped from a glass slide after drying in air, collected in a 1.5 mL microcentrifuge tube and treated as above except that 200 μL methanol was used as the extraction solvent.
UHPLC-MS analysis
Stock solutions of saikosaponins a, c and d were prepared individually in methanol. Working solutions were prepared by diluting the stock solutions with methanol to give final concentrations of 36, 10 and Table 2 .
Principal component analysis to analyze differences between the five herbal samples was carried out using SPSS PASW statistics 18.
Results and discussion
Chemical profiling
In the LC-MS analysis of tissue slices of the five samples of the roots of B. marginatum collected from different areas in the North West of Hubei province, a total of 93 well-separated chromatographic peaks were observed of which ten peaks were common to all samples (Table 2 , Figs. 1 and 2 ). Of these ten peaks, peaks 8, 13 and 18 were identified as saikosaponins c, a and d, respectively, by comparison of molecular weights and chromatographic retention times with those of reference standards. Other peaks were tentatively identified by comparing mass data with those for compounds reported in the literature [13] [14] [15] [16] . The other seven common peaks were tentatively identified as: 3, hydroxysaikosaponin a; 7, saikosaponins b 1 or b 2 ; 9, saikosaponin f; 20, O-acetyl-saikosaponin a; 21, O-acetyl-saikosaponin d; 27, diacetyl-saikosaponin a; and 28, diacetyl-saikosaponin d. Detailed information related to all 93 peaks is shown in Table 2 . The chemical structures of major saikosaponins in the herbal samples are shown in Fig. 3 and Table 3 . Figure 3 Chemical structures of major saikosaponins identified in the LC-MS base peak chromatograms of Bupleurum marginatum Wall. ex DC. See Table 2 for identification. Rotundioside
3β, 16α, 23, 28-tetrahydroxy-olean-11,
sample 2; peaks 50, 51, 54, 55, 60, 61 and 63 were only found in sample 3; peaks 64-71 and 77-86 were only found in sample 4 which was particularly rich in diacetyl-saikosaponins a or d; and peaks 87-93 were only found in sample 5. The fact that samples 1, 2, 3 and 5 were collected from different areas shows that the location of growth affects the chemical profile. The fact that samples 3 and 4 were from cultivated and wild plants collected at a similar time of year and that sample 5 was a fresh sample indicates that growing conditions affect the chemical profile.
In using principal component analysis to analyze differences among the 5 samples, the loading plot (Fig. 4) shows three distinct groups were separated by the two most important principal components. Thus samples 1 and 2 clustered together, samples 3 and 5 clustered together and sample 4 was separate. The results again indicate that growing area, cultivation technique and collection time affect the chemical profile.
Microscopic examination
The transverse sections of the roots of B. marginatum showed cork, cortex, phloem, cambium and xylem (Fig. 5) . Cork consisted of several layers of flat cells. The cortex and phloem were narrow with scattered oil canals whereas the xylem was broad and occupied more than half of the radius of the root. For samples 2-4, oily drops were found in the vessels. The microscopic features of primary and secondary xylem located in the outer and inner parts of xylem from samples 1 and 2 were different. In the primary xylem, there were more single or grouped vessels with few xylem fibers whereas in the secondary xylem well developed xylem fibers were found. In the xylem of transverse sections from samples 1-4, the xylem rays were not distinct. Interestingly, there were no oil canals in the phloem of fresh sample 5 (Fig. 6 ). In the xylem of roots of sample 5 with different diameters, the 1.0 cm diameter root contained more xylem fibers than those of the smaller roots. The xylem fibers and vessels contained more peaks than xylem rays in the roots of sample 5 with 0.6 and 1.0 cm diameter.
Using the fluorescence mode, cork showed brown or reddishbrown fluorescence while cortex and phloem showed blue fluorescence. The vessels and xylem fibers showed yellowishblue fluorescence and xylem rays showed blue fluorescence. Our previous study established that different fluorescence characteristics of herbal tissues reflected different secondary metabolite profiles 17, 18 . The various tissues were categorized according to their tissue structures and fluorescence characteristics as shown in Table 4 .
Tissue-specific chemical profiling
As the microscopic characteristics of transverse sections from the 5 samples were different, their chemical profiles were analyzed (Table 4) . Saikosaponins a, c and d were found as major constituents of cork, cortex, phloem and xylem and many compounds were present in higher amounts in cork, cortex and phloem than in xylem. In addition, more compounds were found in primary xylem with fewer fibers than in secondary xylem with many fibers. For example, in sample 1 the secondary xylem showed 11 peaks while its primary xylem showed 18 peaks. The chemical profiles of cortex and phloem from sample 5 without oil canals also contained many compounds including saikosaponins a, c and d. This suggests that oil canals do not affect the chemical profile.
A previous histochemical study on B. chinense demonstrated that saikosaponins are mainly distributed in the pericycle and primary phloem of young roots but in the vascular cambium and secondary phloem of mature roots 19 . Another similar study indicated that saikosaponins were abundant in the cortex outside the cambium but rare in the xylem of the root 20 . The present study provides evidence that the cork, cortex and phloem of roots contain more saikosaponins than xylem. Since the morphological features of medicinal materials are linked to the structures of their inner tissues and the distribution of their chemical components 21 , Rotundifolioside the results indicate that the roots of B. marginatum with a thinner main root and more lateral roots are of better quality.
Conclusions
This study shows that the chemical profile and microscopic features of the roots of B. marginatum grown in different areas of North Western Hubei Province show considerable variability. Sample 4 from a wild plant grown near Maqiao Town, Baokang County contained more of the pharmaceutically active saikosaponins than sample 3 from a cultivated plant grown in the same area and, in fact, more than any other samples. Therefore, these plants are suitable for selection as the basis for cultivation. However, a comparative study of roots from wild and cultivated plants grown in the same area is needed to better understand the impact of cultivation on the biosynthesis of saikosaponins. The histochemical study showed that saikosaponins were mainly present in the cork, cortex and phloem. The xylem with little xylem fibers contained more saikosaponins than that with abundant xylem fibers and the presence of oil canals was not associated with any difference in the distribution of saikosaponins.
This study shows that chemical profiling can help in the selection of good germplasm resources for subsequent cultivation of high quality B. marginatum, thereby alleviating pressure on shrinking wild resources, and ultimately leading to sustainable use and production of this valuable medicinal herb. Furthermore, the results indicate how the relative quality of B. marginatum roots can be assessed. 
